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Abstract
The Randall-Sundrum-like scenario with the small curvature κ
(RSSC model) is studied in detail in comparison with the original
RS1 model. In the framework of the RSSC model, the p⊥ distribu-
tions for the dilepton production at the LHC are calculated. Both
dielectron and dimuon events are taken into account. The important
feature of calculations is the account of the widths of massive graviton
excitations. For the summary statistics taken at 7 TeV (L = 5 fb−1)
and 8 TeV (L = 20 fb−1), the exclusion limit on the 5-dimensional
gravity scale M5 is set to be 6.84 TeV at 95% C.L. For
√
s = 13 TeV
and integrated luminosity 30 fb−1, the LHC search limit is found to be
10.16 TeV. These bounds onM5 are independent of κ (up to powerlike
corrections), provided κ≪M5.
1 Randall-Sunrum scenario with the small
curvature (RSSC model)
In a recent paper [1], the p⊥ distributions for dimuon production at the LHC
were calculated in the framework of the Randall-Sundrum-like scenario with
∗Electronic address: alexandre.kisselev@ihep.ru
a small curvature (RSSC model, in what follows). The LHC discovery limits
on 5-dimensional gravity scaleM5 were obtained for both 7 TeV and 14 TeV.
In the present paper, the combined analysis of both dielectron and dimuon
events at 7, 8, and 13 TeV will be done.
Before presenting results of calculations for the Drell-Yan (DY) process at
the LHC, it is useful to compare the RSSC model with the standard Randall-
Sundrum model with two 3D branes (RS1 model [2]). The classical action of
this scenario is given by1
S = 2M¯35
∫
d4x
∫ pirc
−pirc
dy
√
|G| (R− Λ)
+
∫
d4x
√
|g(1)| (L1 − 2M¯35Λ1) +
∫
d4x
√
|g(2)| (L2 − 2M¯35Λ2) , (1)
where GMN(x, y) is the 5-dimensional metric, with M,N = {µ, 4}; µ =
0, 1, 2, 3; y is the 5-th dimension coordinate; and rc is the size of the ED. The
quantities
g(1)µν (x) = Gµν(x, y = 0) , g
(2)
µν (x) = Gµν(x, y = pirc) (2)
are induced metrics on the branes, and L1 and L2 are brane Lagrangians. It
is assumed that the cosmological constant Λ is negative. Thus, we have a
slice of the AdS5 space-time.
In Ref. [2] the background warped metric was found to be
RS1 : ds2 = e−2κ|y| ηµν dx
µ dxν − dy2 , (3)
where ηµν is the Minkowski tensor with the signature (1,−1,−1,−1). The
periodicity y = y + 2pirc is imposed and the points (xµ, y) and (xµ,−y) are
identified. So, one gets the orbifold S1/Z2.
In the RS1 model the 3D branes are located at the fixed points y = 0
(Plank brane) and y = pirc (TeV brane). The SM fields are constrained to
the TeV brane, while the gravity propagates in all spatial dimensions.
The hierarchy relation between the 5-dimensional reduced gravity scale
M¯5 and reduced Planck mass M¯Pl looks like [2],
RS1 : M¯2Pl =
M¯35
κ
(
1− e−2piκrc) . (4)
1Contrary to Ref. [2] our constants Λ and Λ1,2 are redefined.
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The reduced scales in (4) are defined as follows
M¯Pl =MPl/
√
8pi ≃ 0.20MPl ≃ 2.4 · 1018 GeV , (5)
M¯5 =M5/(2pi)
1/3 ≃ 0.54 M¯5 . (6)
The warp factor F = exp(−2κ|y|) has the following values on the branes
RS1 : F
∣∣∣
y=0
= 1 , F
∣∣∣
y=pirc
= e−2piκrc . (7)
For κ > 0, we get for boundary cosmological terms
RS1 : Λ1 > 0 , Λ2 < 0 . (8)
Thus, the Planck brane has a positive tension, while the TeV brane has a
negative tension.
In order for the hierarchy relation (4) to be satisfied, one has to put
RS1 : κ ∼ M¯5 ∼MPl . (9)
The RS1 model predicts a series of massive Kaluza-Klein (KK) graviton
resonances with the lightest graviton about 1 TeV.
After the replacement
κ→ −κ , (10)
the RS1 metric becomes [3]
ds2 = e2κ|y| ηµν dx
µ dxν − dy2 . (11)
The hierarchy relation is modified as follows
M¯2Pl =
M¯35
κ
(
e2piκrc − 1) . (12)
The warp factor F = exp(2κ|y|) and brane cosmological terms acquire the
meanings
F
∣∣∣
y=0
= 1 , F
∣∣∣
y=pirc
= e2piκrc , (13)
Λ1 < 0 , Λ2 > 0 . (14)
Thus, after replacement (10) the branes are interchanged. The brane
y = 0 becomes the TeV brane on which all the SM fields live. The ratio of
3
the warp factors remains the same (namely, exp(2piκrc)), but the very value
of the warp factor on the TeV brane becomes equal to unity.
In such a scheme, M¯5 can be one to tens TeV, while the curvature κ is
allowed to vary from hundred MeV to tens GeV [3, 4]. The masses of the
KK gravitons are proportional to the curvature κ (see below Eq. (47)).
Note that after changing variables in (3)
xµ → x′µ = e−piκrc xµ , (15)
one obtains the metric [4, 5]
ds2 = e2κ(pirc−|y|)ηµν dx
′µ dx′ν − dy2 , (16)
which also leads to the modified hierarchy relation (12).
The metric with the small curvature, which takes into account the orbifold
structure of the space-time, looks like (for details, see Appendix A)
RSSC : ds2 = e−2σ(y)ηµν dx
µ dxν − dy2 , (17)
with
σ(y) =
κ
2
(|y| − |pirc − y| − pirc) , (18)
Note that the metrics (16) and (17) coincide for 0 < y < pirc.
The warp factor F = exp[−2σ(y)] with the RSSC function σ(y) (18) has
the following values at the fixed points
RSSC : F
∣∣∣
y=0
= e2piκrc , F
∣∣∣
y=pirc
= 1 . (19)
The boundary cosmological terms are
RSSC : Λ1 > 0 , Λ2 < 0 . (20)
The hierarchy relation,
RSSC : M¯2Pl =
M¯35
κ
(
e2piκrc − 1) , (21)
is the same as Eq. (12). In order for relation (21) to be satisfied, it is enough
to take κrc ≈ 10.2
2The exact value depends on the ratio M¯35 /κ. In particular, for M¯5 = 1 TeV, κ = 1
GeV (100 MeV), one has κrc ≃ 10.2 (9.8) and rc ≃ 2.0 fm (19.4 fm).
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In between the branes, the 5-dimensional scalar curvature is negative,
R5 = −20κ2 , (22)
while the radius of the curvature is equal to κ−1 (see Appendix A).
Let us use a linear expansion of the metric about its Minkowski value
(see, for instance, [6])
Gµν = e
−2σ
(
ηµν +
1
M
3/2
5
Hµν
)
, G44 = −1 +H44 . (23)
After redefinition Hµν = hµν +H44/2, where H44 = 2 e
2σφ(x) [7], and impos-
ing transverse-traceless gauge,
∂µhµν = 0 , h
µ
µ = 0 , (24)
the metric fluctuation hµν describes the massive spin-2 field with 5 degrees
of freedom. It can be decomposed into KK graviton excitations3
hµν(x, y) =
1√
2pirc
∞∑
n=0
h(n)µν (x)ψ
(n)(y) . (25)
The wave functions of the KK excitations obey the equation [6]
d
dy
(
e−4σ(y)
d
dy
)
ψ(n)(y) = −m2n e−2σ(y) ψ(n)(y) , (26)
with mn being the mass of four-dimensional gravitons,
(ηµν∂µ∂ν +m
2
n)h
(n)
µν (x) = 0 . (27)
Equation (26) follows from 4-dimensional components of the Einstein-Hilbert
equation, if one keeps only linear terms in hµν . Note that Eq. (26) means
that
5hµν(x, y) = 0 , (28)
where 5 is the 5-dimensional d’Alembertian in the background metric (17).
3Due to the form of zero mode wave function, the field h
(0)
µν has only 2 degrees of
freedom and describes the massless graviton [8].
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The eigenfunctions ψ(n)(y) satisfy the boundary conditions
dψ(n)
dy
∣∣∣
y=0
= 0 , (29)
dψ(n)
dy
∣∣∣
y=pirc
= 0 , (30)
as well as the orthonormality condition
1
pirc
∫ pirc
0
dy e−2σ(y) ψ(n)(y)ψ(m)(y) = δnm . (31)
Thus, we have the Sturm-Liouville problem (26), (29)-(31).
To solve it, let us put for n > 0
ψ(n)(y) = z2nφ
(n)(zn) , (32)
where
zn = zn(y) =
mn
κ
eσ(y) . (33)
Then we get from (26)[
z2n(φ
(n)(zn))
′′ + zn(φ
(n)(zn))
′ + (z2n − 4)φ(n)(zn)
](
σ′
κ
)2
+
[
zn(φ
(n)(zn))
′ + 2φ(n)(zn)
]
σ′′
κ2
= 0 . (34)
Here and in what follows the prime denotes the derivative with respect to
variable y.
The solution of Eq. (34) which satisfies the right boundary condition (30)
is given in terms of Bessel functions
φ(n)(y) = Cn[J2(zn)Y1(bn)− Y2(zn)J1(bn)] , (35)
where
bn =
mn
κ
, (36)
and Cn is a constant.
The left boundary condition (29) defines the masses of the KK gravitons
with respect to the TeV brane. Taking into account that σ(0) = −κpirc, we
get
J1(an)Y1(bn)− Y1(an)J1(bn) = 0 , (37)
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where
an =
mn
κ
e−κpirc . (38)
Let us demonstrate that the second term in (34) is equal to zero. Indeed,
by using relation xZ ′2(x) + 2Z2(x) = xZ1(x), where Zν = Jν or Yν , it can be
presented in the form
Cn
κ
[J1(zn)Y1(bn)− Y1(zn)J1(bn)][δ(y)− δ(y − pirc)] . (39)
Note that
zn(y) =
{
an, y = 0
bn, y = pirc
(40)
Thus, the expression in (39) vanishes due to the boundary condition (37).
As a result, we obtain for n > 0
ψ(n)(y) = Nne
2σ [J2(zn)Y1(bn)− Y2(zn)J1(bn)] , (41)
where the normalization constant Nn is defined from the orthonormality con-
dition (31). An explicit form of Nn is derived in Appendix B.
As for the zero mode excitation, its wave function looks like
ψ(0)(y) = N0 =
(
2piκrc
e2piκrc − 1
)1/2
=
√
2pirc
M¯
3/2
5
M¯Pl
. (42)
The orthogonality of the zero mode (42) and KK modes (41) comes from the
equation (n > 0)∫ pirc
0
dy e−2σ(y) ψ(0)(y)ψ(n)(y) =
N0Nn
κ
∫ bn
an
dz
z
[J2(z)Y1(bn)− Y2(z)J1(bn)]
=
N0Nn
anκ
[J1(an)Y1(bn)− Y1(an)J1(bn)] = 0 . (43)
The interactions of massless gravitons on the TeV brane are given by the
Lagrangian
L(0)int = −
1
M¯
3/2
5
∫
dy h(0)µν (x, y) T
µν(x)δ(y − piκrc)
= − 1
M¯Pl
h(0)µν (x) T
µν(x) , (44)
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where T µν(x) is the energy-momentum tensor of the SM fields.
Let us consider Eq. (37) in more detail. Since
e−κpirc
κ
≃ 1
M¯Pl
(
M¯5
κ
)3/2
≪ 1 , (45)
mn are defined by the equation
J1(bn) = 0 . (46)
As a result, the graviton masses have appeared to be proportional to κ,
mn = xnκ , n = 1, 2, . . . , (47)
where xn are zeros of the Bessel function J1(x).
In the limit of a very small curvature,
2piκrc ≪ 1 , (48)
one can use asymptotic values of the Bessel functions
J1(z) =
√
2
piz
[
sin
(
z − pi
4
)
+O(|z|−1)
]
,
Y1(z) = −
√
2
piz
[
cos
(
z − pi
4
)
+O(|z|−1)
]
. (49)
Then we get from (37)
sin(bn − an) ≃ sin(pircmn) = 0 , (50)
that results in the well-known graviton spectrum in the model with one flat
ED [9]-[11]
mn =
n
rc
, n = 1, 2, . . . . (51)
As one can see, an, bn ≃ n/(κrc) ≫ 1. Thus, using asymptotic expressions
(49) was fully justified.
Let us stress, however, that the AdS 5 space becomes indistinguishable
from a five-dimensional flat space only for negligible values of the curvature
κ. Indeed, in the limit (48), Eq. (21) transforms into the hierarchy relation
for the flat ED
M¯2Pl = M¯
3
5 (2pirc) = M¯
3
5 V1 , (52)
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where V1 is the volume of the compact ED. Then the inequality 2pirc ≪ κ−1
means
κ≪ M¯
3
5
M¯2Pl
≃ 0.17 · 10−18
(
M¯5
1TeV
)3
eV . (53)
The Newton potential between two test masses in the RSSC model was
estimated in [12]
V (r) = GN
m1m2
r
(
1 +
e−m1r
piκr
)
, (54)
where m1 = x1κ is the mass of the lightest KK graviton, x1 = 3.84 being
the first zero of the Bessel function J1(x). Thus, relative corrections to the
Newton law appear to be negligible [12].
The interaction of the massive KK gravitons with the the SM fields on
the TeV brane is described by the Lagrangian [3]-[8] (see also [5])
LTeV = − 1
M¯
3/2
5
∞∑
n=1
∫
dy
√
Gh(n)µν (x, y) Tαβ(x) g
µαgνβδ(y − piκrc)
= − 1
Λpi
Tαβ(x)
∞∑
n=1
h(n)µν (x) η
µαηνβ . (55)
The parameter
Λpi =MPl
√
1− Y 21 (bn)/Y 21 (an)
e2κpirc − 1 ≃ M¯Pl e
−piκrc (56)
has the meaning of the physical scale on the TeV brane.
In a number of papers (see, for instance, Refs. [8], [13]), the linear ex-
pansion about the background metric,
Gµν = e
−2σηµν +
1
M
3/2
5
H˜µν , G44 = −1 +H44 . (57)
is used instead of expansion (23). In such a case, h˜µν = e
−2σhµν , and the
eigenvalue functions are equal to
ψ˜(0)(y) = N0 e
−2σ(y) , (58)
ψ˜(n)(y) = Nn [J2(zn)Y1(bn)− Y2(zn)J1(bn)] , (59)
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with the constants N0 and Nn defined above. The eigenvalue functions obey
the following equations[
d2
dy2
− 4σ′ 2(y) + 2σ′′(y)
]
ψ˜(n)(y) = −m2ne2σ(y)ψ˜(n)(y) (60)
and boundary conditions[
d
dy
+ 2σ′(y)
]
ψ˜(n)(y) = 0 , for y = 0, pirc . (61)
Correspondingly, the orthonormality condition looks like
1
pirc
∫ pirc
0
dy e2σ(y) ψ˜(n)(y) ψ˜(m)(y) = δnm . (62)
It is clear that the KK graviton masses are defined by Eq. (47) as before.
Since e−2σ(y)|y=pirc = 1, the Lagrangian on the TeV brane also remains the
same for zero mode (44) and massive modes (55).
2 Graviton contribution to dilepton produc-
tion at the LHC
The goal of this section is to estimate gravity effects in the dilepton produc-
tion (l = e or µ),
p p→ l+l− +X , (63)
at the LHC in the RSSC model. The formulas for the p⊥ distribution of the
leptons are presented in Appendix C. At fixed values of the dimensionless
variable x⊥ = 2p⊥/
√
s, the gravity cross section has the following dependence
on fundamental gravity scale M¯5
dσ(grav)
dp⊥
∼ 1
M¯35
. (64)
For numerical calculations, we impose the cut on the lepton pseudorapid-
ity used by the CMS Collaboration. For the dimuon events it looks like
|η| < 2.4 , (65)
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while for the dielectron events the cuts are the following4
|η| < 1.44 , 1.57 < |η| < 2.50 . (66)
The reconstruction efficiency 85% is assumed for the dilepton events [14].
We use the MSTW NNLO parton distributions [15], and convolute them
with the partonic cross sections. The PDF scale is taken to be equal to the
invariant mass of the lepton pair, µ = Ml+l−. In order to take into account
SM higher order corrections, the K factor 1.5 is used for the SM background,
while a conservative value of K = 1 is taken for the signal.
The differential cross section of the process under consideration has three
terms
dσ = dσ(SM) + dσ(grav) + dσ(SM−grav) , (67)
where the last one comes from the interference between the SM and graviton
interactions. Since the SM amplitude is pure real, while the real part of each
graviton resonance is antisymmetric with respect to its central point, the
interference term has appeared to be negligible in comparison with the pure
gravity and SM terms after integration in partonic momenta [12].
The account of the graviton widths is a crucial point for both analytical
calculations and numerical estimations. As it was shown in our previous
papers [12], [1], an ignorance of the graviton widths is a rough approximation,
since it results in very large suppression of the cross sections. The reason lies
partially in the fact that
dσ(grav)
dp⊥
∼ 1
p3⊥
(√
s
M¯5
)3
, (68)
while in zero width approximation one gets
dσ(grav)
dp⊥
∣∣∣∣
zero widths
∼ 1
M¯35
(√
s
M¯5
)3
. (69)
Let us stress that in the RSSC model the gravity cross sections do not
depend on the curvature κ (up to small power corrections), provided κ≪ M¯5,
in contrast to the standard RS1 model in which all bounds on M¯5 depend on
the ratio κ/M¯Pl [2].
In Figs. 1 and 2 we present the gravity cross sections for the dielectron
events at 8 TeV LHC. The differential cross sections at 13 TeV are shown
11
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Figure 1: The KK graviton contribution to the dielectron production for
M¯5 = 2, 4, 6 TeV (solid curves, from above) vs. SM (Born) contribution
(dashed curve) at
√
s = 8 TeV.
400 500 600 700 800
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Figure 2: The same as in Fig. 1, but for larger values of p⊥.
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in Figs. 3 and 4. Note that the gravity mediated contributions to the cross
sections do not include the SM contribution (i.e. solid lines in all figures
correspond to pure gravity contributions).
The figures for dimuon cross sections look similar to Figs. 1-4.
220 240 260 280 300
ptHGeVL
0.2
0.4
0.6
0.8
1.0
dΣ
dpt
fb
GeV
Figure 3: The KK graviton contribution to the dielectron production for
M¯5 = 4, 6, 8 TeV (solid curves, from above) vs. SM (Born) contribution
(dashed curve) at
√
s = 13 TeV.
Let NS(NB) be a number of signal (background) dilepton events with
p⊥ > p
cut
⊥ ,
NS =
∫
p⊥>p
cut
⊥
dσ(grav)
dp⊥
dp⊥ , NB =
∫
p⊥>p
cut
⊥
dσ(SM)
dp⊥
dp⊥ . (70)
Then we define the statistical significance S = NS/
√
NB +NS, and re-
quire a 5σ effect. In Fig. 5 the statistical significance is shown for total
number of “events” with
√
s = 7 TeV and
√
s = 8 TeV as a function of the
transverse momentum cut pcut⊥ and reduced 5-dimensional gravity scale M¯5.
The integrated luminosity was taken to be 5 fb−1 and 20 fb−1 for
√
s = 7
TeV and
√
s = 8 TeV, respectively. Figure 6 represents the significance S
4The transition region 1.44 < |η| < 1.57 (1.37 < |η| < 1.52) between the ECAL barrel
and endcap calorimeters is usually excluded in the CMS (ATLAS) experiment.
13
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ptHGeVL
0.05
0.10
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dΣ
dpt
fb
GeV
Figure 4: The same as in Fig. 3, but for larger values of p⊥.
Figure 5: The statistical significance S for the dilepton (µ+ e ) production
at the LHC for
√
s = (7 + 8) TeV and integrated luminosity (5+20) fb−1 as
a function of the transverse momentum cut pcut⊥ and reduced 5-dimensional
gravity scale M¯5. The plane S = 5 is also shown.
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for the dilepton events with
√
s = 13 TeV and 30 fb−1.
Figure 6: The same as in figure 5, but for
√
s = 13 TeV and integrated
luminosity 30 fb−1.
Previously, calculations of dilepton cross sections were done in [3] without
taking into account finite widths of the KK gravitons. As was shown in [1]
(see also [12]), in zero width approximation the gravity cross sections are very
small in comparison with the background cross section at low and moderate
values of p⊥. That is why, a high cut p
cut
⊥ is needed in order to get NS
comparable with NB. Correspondingly, LHC search limits have appeared to
be significantly smaller than in our case.
3 Conclusions
In the present paper the RSSC model [4]-[5] is considered in detail in which
the reduced 5-dimensional Planck scale M¯5 can vary from few TeV to tens
TeV, while the curvature κ is allowed to vary from hundred MeV to few GeV.
In fact, the only condition κ ≪ M¯5 should be satisfied. The mass spectrum
and experimental signature of the model with the small curvature are similar
to those in the ADD model [9] with one flat extra dimension.
The p⊥-distributions for the lepton pairs with high p⊥ at the LHC are
calculated for the collision energies 7, 8, and 13 TeV (for the dielectron case,
15
the results of our calculations are shown in Figs. 1-2 and Figs. 3-4).5
The account of the KK graviton widths is the crucial point for the nu-
merical calculations, since the zero width approximation significantly under-
estimates the gravity cross sections even at large p⊥.
The statistical significance as a function of the reduced 5-dimensional
Planck scale M¯5 and cut on the lepton transverse momentum p
cut
⊥ is calculated
(see Figs. 5-6). Let us underline that both the dielectron and dimuon events
are taken into account.
Recently, a search for large extra spatial dimensions in the dimuon (di-
electron) channel was presented using a data sample of 20.6 fb−1 (19.6 fb−1)
at the center-of-mass energy of 8 TeV collected by the CMS detector [16]-
[17]. No significant deviations from SM were observed. Previously, dilepton
spectra were found to be consistent with SM expectations at the energy of 7
TeV [18].
By using our calculations for 7 and 8 TeV, we conclude that in the RSSC
framework the region
M5 < 6.84 TeV (71)
is excluded at 95% C.L. Note that for the ADD scenario the exclusion limits
on the model parameter MS are 4.49 and 4.77 TeV for the dimuon and
dielectron events, respectively [16]-[17].
Correspondingly, we obtain the discovery limit for the 13 TeV LHC with
the integrated luminosity 30 fb−1:
M5 = 10.16 TeV . (72)
In deriving Eqs. (71), (72), we used the relationM5 = (2pi)
1/3M¯5 (6) in order
to present the bounds on fundamental gravity scale M5.
It is important that these bounds on M5 do not depend on the curvature
κ (up to small powerlike corrections), contrary to the original RS1 model [2]
in which estimated bounds on M5 depend on the ratio κ/M¯Pl.
Previously, analogous bounds were obtained for the diphoton produc-
tion [12]. Recently, the LHC search limits were estimated for dimuon events [1].
Dilepton production at very high luminosities (HL-LHC) was studied in [19].
5To reduce a number of figures, we did not present cross sections for the energy
√
s = 7
TeV and cross sections for the dimuon events, since they look very similar to the dielectron
cross sections.
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A Warped metric of RSSC model
From the action (1), 5-dimensional Einstein-Hilbert’s equations follow
√
|G|
(
RMN − 1
2
GMNR
)
= −1
2
[√
|G|GMNΛ
+
√
|g(1)| g(1)µν δµM δνN δ(y) Λ1 +
√
|g(2)| g(2)µν δµM δνN δ(y − pirc) Λ2
]
.
(A.1)
In order to solve them, let us assume that the background metric respects
4-dimensional Poincare invariance (µ = 0, 1, 2, 3)
ds2 = e−2σ(y) ηµν dx
µ dxν − dy2 , (A.2)
After orbifolding (see Section 1), the coordinate of the extra compact dimen-
sion varies within the limits 0 6 y 6 pirc.
Let us define
gµν = e
−2σ(y) ηµν . (A.3)
Then the 5-dimensional background metric tensor looks like
GMN =
(
gµν 0
0 −1
)
. (A.4)
Correspondingly,
GMN =
(
gµν 0
0 −1
)
, (A.5)
with
gµν = e2σ(y) ηµν . (A.6)
Non-trivial elements of the Christoffel symbols of the second kind looks
like (there is no summation in µ)
Γµµ4 =
1
2
gµµ
∂gµµ
∂y
= −σ′(y) δµµ ,
Γ4µµ =
1
2
∂gµµ
∂y
= −σ′(y) gµµ . (A.7)
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As a result, non-zero elements of the curvature tensor RKM,NL are the
following (µ 6= ν)
Rµ4,4µ = R4µ,µ4 = −Rµ4,µ4 = −R4µ,4µ = [σ′2(y)− σ′′(y)] gµµ ,
Rµν,νµ = Rνµ,µν = −Rµν,µν = −Rνµ,νµ = −σ′2(y) gµµ gνν . (A.8)
The non-zero elements of the Ricci tensor RMN = GKLRKM,NL are
R44 = 4[σ′2(y)− σ′′(y)] ,
Rµµ = [−4σ′2(y) + σ′′(y)] gµµ . (A.9)
The 5-dimensional scalar curvature R5 = GMN RMN is equal to
R5 = −20σ′2(y) + 8σ′′(y) . (A.10)
Then the Einstein-Hilbert’s equations are reduced to
σ′2(y) = − Λ
12
, (A.11)
σ′′(y) =
1
6
[Λ1 δ(y) + Λ2 δ(pirc − y)] . (A.12)
The first solution of this set of equations was presented in Ref. [2]
σRS(y) = κ |y| , (A.13)
with the cosmological constant
ΛRS = −12κ2 , (A.14)
and boundary cosmological terms
ΛRS1 = −ΛRS2 = 12κ . (A.15)
Here κ is a scale with the dimension of mass.
However, we get from (A.13) that σ′′RS(y) = 2κ δ(y) instead of σ
′′(y) =
κ[δ(y) − δ(pirc − y)]. Moreover, Eqs. (A.11), (A.12) say us that the cosmo-
logical constant Λ should depend on coordinate y.
In the bulk the set of equations looks like
σ′2(y) = − Λ
12
(A.16)
σ′′(y) = 0 , (A.17)
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with the evident solution
σ(y) = κy + constant , Λ = −12κ2 . (A.18)
Then we have for the full interval 0 6 y 6 pirc
σ′2(y) = κ2z(y) , (A.19)
σ′′(y) =
1
6
[Λ1 δ(y) + Λ2 δ(pirc − y)] , (A.20)
where z(y) = 1 for 0 < y < pirc.
One obtains from Eq. (A.20)
σ′(y) =
1
12
[Λ1 ε˜(y) + Λ2 ε˜(y − pirc)] + A , (A.21)
where A is a constant, and
ε˜(x) =
{
d|x|/dx , |x| > 0
1 , x = 0
(A.22)
In fact, ε˜(x) is the function ε(x) = θ(x) − θ(−x) supplemented by its value
at x = 0.6 Let us note that [ε˜(x)]2 = 1 for all x, and
1
2
[ε˜(y) + ε˜(pirc − y)] =


0 , y < 0 ,
1 , 0 6 y 6 pirc ,
0 , y > pirc .
(A.23)
Since the choice of A is equivalent to a redefinition of Λ1 and Λ2, in what
follows, we can put A = 0.
As for the boundary cosmological terms Λ1,2 and function z(y), we get
from (A.19) the equation
z(y) =
1
(12κ)2
[Λ21 + Λ
2
2 − 2Λ1Λ2 ε˜(y) ε˜(pirc − y)] . (A.24)
Thus, we obtain7
Λ = −6κ2[ε˜(y) + ε˜(pirc − y)] , (A.25)
Λ1 = −Λ2 = 6κ . (A.26)
6Otherwise, Λ will be uncertain at the boundary points y = 0 and y = pirc.
7We used the relation 1 + ε˜(y) ε˜(pirc − y) = ε˜(y) + ε˜(pirc − y) valid for all y.
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As one can see from Eqs. (A.25) and (A.23), the cosmological constant Λ is
equal to (−12κ2) at 0 6 y 6 pirc, and it is zero outside this region.
Finally, we find
σ(y) =
κ
2
(|y| − |pirc − y|) +B , (A.27)
where B is a constant. Note that Eqs. (A.25), (A.26) differ from RS1 fine
tuning solutions (A.14), (A.15).
To get the RSSC scenario, we take8
B = −1
2
piκ rc . (A.28)
Then
σ(y) =
κ
2
(|y| − |pirc − y| − pirc) , (A.29)
and we come to the metric (17).
The function σ(y) (A.29) is Z2–symmetric due to the periodicity condition
(points y − pirc and y + pirc are identified). The y-dependent part of σ(y) is
symmetric under substitutions
y → pirc − y , κ→ −κ . (A.30)
It means that the branes are interchanged if we take an opposite sign for κ
(see comments to Eqs. (10)-(14) in the main text).
Note that the the Ricci tensor (A.10) is proportional to the metric tensor
only in between the branes,
RMN = −4κ2GMN = Λ
3
GMN , 0 < y < pirc , (A.31)
with Λ being cosmological constant. For a space-time with the constant
curvature K, the following equation holds
RKM,NL = K (GKN GML −GKLGMN ) , (A.32)
and we find
K = κ2 . (A.33)
Correspondingly, the radius of the curvature in the bulk is
ρ =
1
κ
. (A.34)
At the boundaries, both the tensors RKM,NL, RMN and scalar curvature
R5 have singular terms, as one can see from Eqs. (A.8)-(A.10) and (A.20).
8The choice of a particular value of B is equivalent to changing variables xµ → eBxµ.
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B Normalization of graviton wave functions
The normalization constants are obtained from the following relation (n > 0)
1 =
1
pirc
∫ pirc
0
dy e−2σ(y)[ψ(n)(zn)]
2 =
1
piκrcb2n
N2n In , (B.1)
where
In =
∫ bn
an
dzz [J2(z)Y1(bn)− Y2(z)J1(bn)]2 . (B.2)
The parameters an and bn are defined in the main text (see Eqs. (38), (36)).
To calculate In, we use the table integral [20],∫ x
dzZν(z)Z
′
ν(z) =
x2
4
[
2Zν(x)Z
′
ν(x)− Zν+1(x)Z ′ν−1(x)
− Zν−1(x)Z ′ν+1(x)
]
+ constant , (B.3)
where Zν , Z
′
ν = Jν or Yν , as well as relations between Bessel functions,
Jν+1(x)Yν(x)− Yν+1(x)Jν(x) = 2
pix
,
Jν+2(x)Yν(x)− Yν+2(x)Jν(x) = 4(ν + 1)
pix2
. (B.4)
Then the integral (B.2) is equal to
In = 2an[J1(an)Y1(bn)− Y1(an)J1(bn)][J2(an)Y1(bn)− Y2(an)J1(bn)] ,
− a
2
n
2
[J1(an)Y1(bn)− Y1(an)J1(bn)]2
− a
2
n
2
[J2(an)Y1(bn)− Y2(an)J1(bn)]2 + 2
pi2
. (B.5)
Due to the left boundary condition in the form (37), two first terms in
the r.h.s of Eq. (B.5) vanish, and we get
In =
2
pi2
[
1− Y
2
1 (bn)
Y 21 (an)
]
=
2
pi2
[
1− J
2
1 (bn)
J21 (an)
]
. (B.6)
As a result, we find the expression for the normalization constant
N−2n =
2
κrcpi3b2n
[
Y 21 (an)− Y 21 (bn)
Y 21 (an)
]
. (B.7)
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Our formula (B.7) is in agreement with that from Ref. [3].9
For n 6= m, we have∫ pirc
0
dy e−2σ(y) ψ(n)(y)ψ(m)(y) =
1
κ
NnNm Inm , (B.8)
where
Inm =
∫ 1
e−piκrc
dzz [J2(bnz)Y1(bn)− Y2(bnz)J1(bn)]
×[J2(bmz)Y1(bm)− Y2(bmz)J1(bm)] . (B.9)
By using table integral [20],∫ x
dzzZν(az)Z
′
ν(bz) =
x
a2 − b2 [aZν+1(ax)Z
′
ν(bx)− bZν(ax)Z ′ν+1(bx)]
+ constant , (B.10)
and Eq. (37), one can be easily show that Inm = 0.
C Cross section for dilepton production
The differential cross section of the DY process (63) is given by (l = e or µ)
dσ
dp⊥
(pp→ l+l− +X) = 2p⊥
∑
a,b=q,q¯,g
∫
dτ
√
τ√
τ − x2⊥
∫
dx1
x1
fa/p(µ
2, x1)
× fb/p(µ2, τ/x1) dσ
dtˆ
(ab→ l+l−) , (C.1)
with the transverse energy of the lepton pair equals to 2p⊥. In (C.1) two
dimensionless quantities are introduced
x⊥ =
2p⊥√
s
, τ = x1x2 , (C.2)
where x2 is the momentum fraction of the parton b in (C.1).
Without cuts, integration variables in (C.1) vary within the following
limits
x2⊥ ≤ τ ≤ 1 , τ ≤ x1 ≤ 1 . (C.3)
9Note that our notations are somewhat different.
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After imposing kinematical cut on lepton rapidity, the integration region
becomes more complicated (see Appendix A in Ref. [1]).
The SM contribution to the p⊥-distribution looks like
dσSM
dtˆ
(qq¯ → l+l−) = 1
48pis2
[
u2
(|GLL|2 + |GRR|2)+ t2 (|GLR|2 + |GRL|2)] ,
(C.4)
with
GAB(s) =
∑
V=γ,Z
gA(V → l+l−) gA(V → qq¯)
s−m2V + imV ΓV
. (C.5)
Here gL(R)(γ → l+l−) = gL(R)(γ → qq¯) = e, and
gL(Z → l+l−) = −1
2
+ sin2 θW ,
gR(Z → l+l−) = sin2 θW ,
gL(Z → qq¯) = T q3 − eq sin2 θW ,
gR(Z → qq¯) = −eq sin2 θW , (C.6)
with T q3 being third component of the quark isospin, eq being quark electric
charge (in units of |e|).
The graviton contribution comes from both quark-antiquark annihilation
and gluon-gluon fusion subprocesses (see, for instance, [3])
dσgrav
dtˆ
(qq¯ → l+l−) = sˆ
4 + 10sˆ3tˆ+ 42 sˆ2tˆ2 + 64sˆ tˆ3 + 32 tˆ4
1536 pisˆ2
|S(sˆ)|2 ,
dσgrav
dtˆ
(gg → l+l−) = − tˆ(sˆ+ tˆ)(sˆ
2 + 2sˆ tˆ+ 2 tˆ2)
256 pisˆ2
|S(sˆ)|2 , (C.7)
where
S(s) = 1
Λ2pi
∞∑
n=1
1
s−m2n + imnΓn
(C.8)
is the invariant part of the partonic matrix elements, with Γn being total
width of the graviton with the KK number n and mass mn [5]:
Γn = η mn
(
mn
Λpi
)2
, η ≃ 0.09 . (C.9)
Let us note that the function S(s) is the same for all processes mediated by
s-channel virtual gravitons.
23
In the RSSC model, an explicit form for the sum (C.8) was obtained for
M¯5 ≫ κ in Ref. [5]
S(s) = − 1
4M¯35
√
s
sin 2A+ i sinh 2ε
cos2A+ sinh2ε
, (C.10)
where
A =
√
s
κ
, ε =
η
2
(√s
M¯5
)3
. (C.11)
It is important to underline that the magnitude of S(s) is defined by
the fundamental gravity scale M¯5, not by the scale Λpi presented in the La-
grangian. In general, this property is valid in the RSSC model for both real
and virtual production of the KK gravitons [4, 5].
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